Effects of fruiting on leaf characteristics, photosynthesis, and root growth were assessed on small peach trees (Prunus persica (L.) Batsch. cv. Hakuto) after adjusting the number of fruits per tree.
Introduction
That photosynthetic rates differed between leaves of fruit trees with and without fruits is well known; fruiting actively promotes the photosynthesis of an individual leaf during the fruit maturation period (Chalmers et al., 1975; Fujii and Kennedy, 1985; De Jong, 1986; Wood, 1988) . The reduction in Pn as a consequence of decreasing sink strength through fruit thinning is attributed to increased carbohydrate levels in leaves, a form of feed-back inhibition (Noel, 1970; Milford and Pearman, 1972; Thorne and Koller, 1974; Nafziger and Koller, 1976) . The volume of thylakoidal systems changes readily with increased starch grain size in chloroplasts in citrus (Nii, 1987) and peach (Nii and Kuroiwa, 1988 ) leaves exposed to different light conditions. We found that the enlargement of starch grains led to a reduction in Pn. Similar changes were observed upon comparing activities of apple and peach leaves (Nii, 1989 (Nii, , 1992 ) on bearing and non-bearing shoots. However, some workers in this field have claimed that the correlation between photosynthetic rate and assimilate level was not definitive (Neals and Incoll, 1968; Carmi and Shomer, 1979; Daie, 1985) .
As for the photosynthetic activity of leaves on bearing trees over a long period, it is important to study how the starch content in the chloroplast changes in response to fruiting.
Among the various organs in a fruit tree, the fruit is the strongest sink, particularly during the late stage of the fruit development when sugars are accumulated rapidly.
If the tree carries a heavy crop until the fruit maturation stage, the growth of the current shoots and new roots is inhibited accompanied by a reduction in starch accumulation by root tissues (Shimizu et al., 1978; Goldschmit and Golomb, 1982; Forney and Breen, 1985) . Consequently, it is important to understand (Fig. 4) . However, on June 14, there was no detectable difference on the rate of photosynthesis as related to the crop load. New root elongation stopped during the fruit maturation stage (Fig. 5 ). In the 5-fruit trees new root elongation completely stopped during the fruit growth period, whereas in defruited trees the new roots continued to elongate throughout the tree growth period until the leaves abscised. The root volume of fruiting trees at fruit harvest was smal- Table 1 . Effect of varying the fruit number per tree on fruit size and soluble solids in the juice at fruit harvest date (July 22) in peach trees. Table 2 . Effects of fruiting on peach leaf characteristics at harvest (July 22) .
ler than that of defruited plants (Fig. 6) . The difference in starch level between fruiting and defruited plants also appeared in the root cells at fruit harvest, the starch content in the roots of fruiting plants was less than that in the roots of defruited trees (Fig. 7A, 7B , Table 3 ). After fruit harvest new roots resumed growth within a week (Fig. 5 ) and starch deposition in the root also began to accumulate until leaf abscission (Fig. 7C,  7D ). At the leaf abscission stage, the starch content of the root on a dry weight basis was greater in fruiting trees than it was in defruited trees ( •›: non-bearing plot, •£ : 3-fruit plot, •oe: 5-fruiting plot.
peach trees, the reduction of chloroplast compartment including thylakoid layers and increased size of starch grains in the chloroplasts may lead to reduced Pn. The percentages of the chloroplast compartment area per cross-section of a chloroplast from leaves of defruited trees were 48.8% in spongy cell and 50.5% in palisade cell, whereas the percentages were 91.4% and 83.5%, respectively, in leaves of fruiting trees. The Pn of leaves from fruiting and non-bearing trees are similar to that reported by Hansen (1970) , Chalmers et al. (1975) , Fujii and Kennedy (1985 ), De Jong (1986 ), and Wood (1988 . However, other researchers using other plant species have questioned the effects of carbohydrate accumulation in leaves on the photosynthetic rate (Ballantine and Forde, 1970; Wilkinson and Beard, 1975; Geiger, 1976; Hariri and Brangeon, 1977; Carmi and Shomer, 1979; Melis and Harrey, 1981; Lichtenthaler et al., 1982) . Daie (1985) In the present study, the total growth of the new roots at the stage of fruit harvest was larger in defruited trees. Differences in starch accumulation by the roots at fruit harvest were significant among treatments. Less starch accumulated in fruiting trees than it was in non-bearing trees.
Within a week after harvest, new roots appeared on the glass surface of the root-box as reported for apples (Head, 1969) . Furthermore, in the 5-fruit per tree plot, the elongation rates of new roots after harvest were faster than they were on non-bearing trees. The appearance of starch grains in the roots of plants at the leaf abscission stage was independent of treatments. The starch content per unit dry weight of roots from a bearing tree at this stage was slightly higher than it was in roots from defruited trees. In fruiting peach trees, the root Goldschmit and Golomb (1982) .
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